1.In an attempt to determine the mechanism whereby enzymes are removed from the circulating plasma, purified rabbit-muscle lactate dehydrogenase-5 was labelled with lz5I and injected intravenously into rabbits. During the first hour after injection enzyme activity and radioactivity disappeared from the plasma at comparable fast rates, which are attributed mainly to distribution of the enzyme throughout the extracellular fluid. This was followed by a phase lasting about 7 h during which enzyme activity disappeared at a faster rate than the radioactivity, an observation indicating either intravascular breakdown of the enzyme protein or its degradation in the tissues, followed by release of labelled fragments into the circulation. Enzyme activity then reached a constant value and the plasma radioactivity continued to decrease at a slower exponential rate; it is suggested that this is due to removal of breakdown products.
Introduction
The elevation of serum enzyme activities which occurs in a variety of acute diseases affecting the liver, heart, skeletal muscle and other organs is followed by a return to normal activities during the course of a few days. Clinical and experimental studies have established that the disappearance rates of circulating enzymes are relatively constant for a particular enzyme in a given species, but little is known of the mechanism concerned.
In the absence of disease of the urinary tract, enzymes appear in the urine in trace amounts only, apart from those, such as amylase, which have low molecular weights and are readily filtrable by the glomerulus (Rosalki & Wilkinson, 1959; Blainey 8c Northam, 1967) . Strandjord, Thomas & White (1959) found the rate of disappearance of isocitrate dehydrogenase (EC 1.1.1.42) injected into the dog to be unaffected by hepatectomy, nephrectomy or splenectomy, an observation which appears to exclude an excretory mechanism. Studies on the disappearance rates of injected aspartate and alanine transaminases (EC 2.6.1.1 and EC 2.6.1.2), however. suggest the possibility that the reticuloendothelial system may play a part in the removal of enzymes from the circulation (Wakim & Fleisher, 1963a) .
The view that enzyme protein may be destroyed by circulating proteases and that the products may eventually reach the amino acid pool (Posen, 1970; Wilkinson, 1970a ) is supported by the earlier work of Schmidt & Schmidt (1960) , who observed that the Michaelis constant (K,) of malate dehydrogenase (EC 1.1.1.37) increased progressively in successive serum samples taken from a -patient with myocardial infarction. Such a gradual loss of substrate affinity, however, was not confirmed by Wakim & Fleisher (1963b) , who were unable to demonstrate any change in the K,,, value for aspartate transaminase after injection into the dog.
Among the few studies with radioactively labelled enzymes are those of Schapira, Dreyfus & Schapira (1962) , who measured the plasma radioactivity of rabbits injected with '1-labelled aldolase (EC 4.1.2.13) and concluded that the enzyme was not inactivated in the plasma. Massarat (1965) reached a similar conclusion after finding that enzyme activity and radioactivity disappeared at comparable rates after the injection of 311-labelled aspartate or alanine transaminase into the pig. Posen (1970) , however, has pointed out that these results do not necessarily conflict with his view that circulating enzymes undergo denaturation in the blood if the time-interval between denaturation of the enzyme protein and removal of the products is very short.
In the present study we attempted to resolve this question by studying the catabolism of lactate dehydrogenase-5 (EC 1,1.1.27), since this isoenzyme is known to have a relatively short half-life in human and animal plasma. For this purpose, pursed rabbitmuscle lactate dehydrogenase-5 was labelled with lz51 and injected intravenously into rabbits. The enzyme activity and radioactivity were measured in the plasma at timed intervals, and the distribution of radioactivity in the tissues was also determined at various times after the administration of the labelled enzyme.
Materials and methads

Determination of enzyme activity
Lactate dehydrogenase activity was determined in a Unicam SP. 1800 recording spectrophotometer, the cuvette compartment of which was maintained at 25 + 0.1 "C, by the method of Wroblewski & LaDue (1955) in which pyruvate is reduced in the presence of NADH.
Preparation of 251-lubelled lactate dehydrogenase-5
Purified rabbit-muscle lactate dehydrogenase-5 (M4), obtained from the Boehringer Corp. (London) Ltd, London, was trace-labelled with lS5I by a modification of the method described by Francis, Mulligan & Wormall (1951) for the radio-iodination of proteins with lJII. This method was preferred to alternative techniques using iodine monochloride or chloramine-T, since these tended to give lower yields of catalytically active labelled enzyme. The iodination reagent was prepared a few minutes beforehand by mixing 100 pCi of carrier-free ["' I]-iodide (The Radiochemical Centre, Amersham, Bucks., U.K.) with0.3 ml of KI(1 mmol/l) containing 0.15 mg of free lS71.
A solution of 5 mg of lactate dehydrogenase-5 (360 i.u./mg) in 1 ml of glass-distilled water was treated with 0-1 ml of ammonia solution (2-5 molll). The iodination reagent was added dropwise over 5 min at 20"C, magnetic stirring being employed throughout the addition and for a further 20 min, after which the pH was adjusted to 7-5 by the dropwise addition of acetic acid (0.5 mol/l). A small amount of precipitate, possibly denatured protein, was removed by centrifugation and the 251-labelled lactate dehydrogenase-5 was then separated from iodide by gel filtration on Sephadex G-25 (Pharmacia, Uppsala, Sweden) previously equilibrated overnight with NaCl solution (0.15 mol/l) (Spitzy, Skrube & Miiller, 1961) .
The slurry was poured into a column (1 cm x 20 cm) and allowed to settle by gravity, after which the column was washed with a further 50 ml of NaCl(O.15 mol/l) and kept at 4°C. The lz5I mixture was then quantitatively transferred to the column, which was eluted at 4°C with NaCl (0.15 mol/l), a flow rate of 4 ml/h being maintained. The eluate was collected in 1 ml fractions with the aid of an LKBUltrorac fraction collector. Each fraction was 
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monitored for radioactivity and enzyme activity. Fractions 4-8, containing maximum enzyme activity (Fig. 11 , were pooled and dialysed against 200 vol. of NaCl (0.15 mol/l) containing NalZ7I (1 mrnol/l) for 24 h at 4°C. Dialysis was repeated three times. After dialysis the enzyme solution was concentrated to about 2 ml by ultrafiltration at 4°C through an X M 100 membrane in an Amicon cell, model 52 (Amicon B.V., Oosterhout, Holland) .
The electrophoretic mobility of the labelled enzyme in sodium barbitone buffer, pH 8.6, on cellulose acetate (Wilkinson, 1970b) was identical with that of the unlabelled enzyme. Enzyme activity located by tetrazolium staining was coincidental with radioactivity detected by radioautography (Fig. 2) .
The preparation was shown to be free from 251 by passing it through a column (10 c m x l cm) of Dowex 1 (X 8) equilibrated with NaCl (0.15 mol/l), when less than 2% of the radioactivity was retained on the column. Furthermore, less than 0.2% of the radioactivity remained in solution after precipitation of the enzyme protein with trichloroacetic acid (lo%, wlv).
The recovery of catalytic activity after radioiodination and subsequent purification was about IS%, similar to that obtained by Massarat (1965) after the radio-iodination of pig aspartate transaminase. Measurement of disappearance rates of non-radioactive lactate dehydrogenase-5
Rabbit-muscle lactate dehydrogenase-5, purchased from the Boehringer Corp. (London) Ltd ( 1 mg, 360 i.u.), was dissolved in 1 ml of sterile NaCl (0.1 5 mol/l) and injected into a marginal ear vein of a rabbit. Blood was collected into heparin tubes from the corresponding vein of the other ear at 15 min, 30 min, and then at hourly intervals for up to 10 h and at 24, 28 and 72 h after injection. After centrifugation the total lactate dehydrogenase activity in the plasma was measured.
Distribution of 251-labelled lactate dehydrogenase-5 after injection into rabbits
To prevent uptake of "'1-by the thyroid all animals receiving the labelled enzyme were given NalZ7I in their drinking water (5 mmol/l) for 2 days beforehand or were injected with Na'''I (10 mg/kg body weight). The labelled enzyme solution (36 or 72 i.u.; 5 or 10 @) was injected intravenously into a marginal ear vein of each of four rabbits. Blood was collected from the corresponding vein of the other ear into heparinized tubes for measurement of the enzyme activity and radioactivity at intervals of 0.5-1 h. The plasma protein-bound radioactivity was measured in the precipitate obtained by adding saturated (NH4)2S04 (4 ml) to plasma (1 ml). The precipitated proteins were dissolved in NaCl (0.15 mol/l; 5 ml) and the radioactivity was measured in a gamma counter.
The rabbits were killed, by asphyxiation with COz or by a blow on the head, at 2, 8, 24 and 48 h after injection. The heart, liver, spleen and kidneys were removed and washed to remove as much blood as possible with NaCl(O.15 molll). A sample of skeletal muscle was similarly treated. The small intestine was carefully freed from the mesentery and cut into sections. The luminal contents were collected separately. The sections were then washed with water to remove juice and blood. All the tissues were then weighed and homogenized with 4 vol. of NaCl (015 mol/l) and the radioactivity in each tissue homogenate was measured in a Nuclear Enterprises Gamma Counter. Radioactivity countsls were expressed per g of tissue.
In each case a correction was made for the radioactivity due to residual blood in the tissue homogenates. An approximate estimate was made by measuring the haemoglobin concentrations as cyanomethaemoglobin by the method of Van Kampen & Zijlstra (1961). Since practically all the blood radioactivity was confined to the plasma, an estimate of the plasma content of each tissue was obtained by measurement of the packed cell volume.
In another experiment, the faeces were collected at 24 and 72 h after injection. They were weighed and homogenized with 3 vol. of water and the radioactivity was measured. Urine was collected at 24, 48 and 72 h and the radioactivity counted. The faecal and urinary radioactivities were expressed as a percentage of the radioactive enzyme administered.
Radioactive compounds in the urine
The nature of the radioactive components in the urine was studied by chromatography on Whatman 3MM paper. NalZ7I, monoiodotyrosine and diiodotyrosine were applied to the spots as carriers. The chromatograms were developed in butan-l-olacetic acid-water (12:3:5, by vol.). Duplicate chromatograms were stained with ninhydrin to detect amino acids and peptides or with the ceric sulphate-arsenite reagent of Bowden, Maclagan & Wilkinson (1955) to detect iodide and iodinated amino acids. The corresponding spots on unstained chromatograms were cut out; the radioactivity was measured and expressed as a percentage of the urinary radioactivity.
Results
Disappearance of injected lactate dehydrogenase-5 from the plasma
The plasma lactate dehydrogenase /activity and radioactivity at various time-intervals after the intravenous injection of 251-labelled lactate dehydrogenase-5 into a rabbit are shown in Fig. 3 . The disappearance of enzyme activity displayed a biphasic exponential course, the first rapid phase persisting about 70 min being followed by a somewhat slower phase during the next 6-7 h until the normal plasma activity was reached.
Similar disappearance rates for the plasma enzyme activity were observed (Fig. 4) after the injection of unlabelled isoenzyme, though the initial rapid phase was more prolonged because the plasma value reached was considerably higher than in experiments in which radioactively labelled enzyme was administered. The mean half-lives during this phase were 0.66fm 0.10 h for four experiments with the unlabelled enzyme and 0.70 +m 0 2 4 h for five experiments with the labelled material. The mrresponding figures for the second phase were 3.48 -t SD 0.28 h and 3.50 -t SD 0.50 h respectively.
In preliminary experiments the disappearance of the radioactivity appeared to follow a triphasic exponential course, the first two phases, corresponding to those observed for the disappearance of catalytic activity, being succeeded by a third phase extending from about 10 h after injection. During this phase the disappearance rate for the radioactivity was much slower (b5 =50.0 +SD 6.2 h).
Since the events in the first 10 h only appeared to be relevant to the disappearance of the labelled enzyme from the plasma, further experiments were performed in which blood samples were collected more frequently during this period. Curvilinear disappearance curves for radioactivity were then obtained (Fig. 5) .
The clearance for 12Yodide, shown in Fig. 6 , was found to follow an exponential course corresponding to a mean half-life of 7-0 I SD 1-6 h.
During the first 3 h of each experiment with labelled lactate dehydrogenase-5, about 95 % of the plasma radioactivity was found to be protein-bound, as indicated by precipitation with ammonium sulphate, but after the administration of * 9odide only &2% of the plasma radioactivity was found in the ammonium sulphate precipitate. 
Analysis of disappearance curves
The characteristics of the disappearance curves (Fig. 5 ) were first approximated by curve-stripping (Matthews, 1957;  Pearson, Veal1 & Vetter, 1958) . The disappearance of catalytic activity was resolved into two components (~~e -~" + c~E -~~~) , whereas three exponential components ( c ' E -~~~ + c~E -~~~ + C~E -b31) characterized the disappearance curve for radioactivity, where cl, c2 and cs are the intercepts and bl, b, and bl are the slopes of the derived straight lines.
The exponential disappearance of the labelled enzyme may be explained assuming the simple model ( Fig. 7) unlabelled enzyme protein, (b) there is no reutilization of the radioactive label, (c) the total amount of enzyme protein in the system is in a steady state during the period of study, (d) enzyme, newly released from the tissues, is distributed in the intravascular pool before entering the extravascular pool, (e) catabolism occurs within or in close proximity to the intravascular pool, and (f)mixing within the pools occurs rapidly.
The method of Nosslin (1964) was used for calculating the fractional catabolic rate, k l [ =1 /(xc/b)], expressed as a fraction of the plasma pool/h; the overall half-life in hours was obtained by the method of Donato et al. (1966) :
The results for the experiments with the labelled enzyme are summarized in Tables 1 and 2 , and the corresponding figures derived from experiments with the unlabelled enzyme appear in Table 3 .
The results in Tables 1-3 confirm those of the preliminary experiments in that the relevant parameters for the labelled enzyme are similar to those for the unlabelled enzyme. They also show that during the first 10 h the fractional catabolic rate assessed by radioactivity measurements is much slower than that derived from measurements of the catalytic activity. This is reflected in the corresponding mean overall half-lives: 11.5 f SD 2.1 1 h (radioactivity) and 3.29 f SD 0.64 h (catalytic activity) (P< 0-001).
During the first 2 h two exponentials were derived for the disappearance of radioactivity (Table 11, one corresponding to a mean half-life of 0.33 + SD 0.10 h during the first hour, and the other 0.83 k SD 0.31 h during the second hour. The mean half-life deduced from radioactivity measurements corresponding to the second phase for the disappearance of catalytic activity was 12.4 +SD 2.3 h.
Tissue radioactivity after the administration of z5Z-labelled lactate dehydrogenase-5
In order to gain some insight into the tissues responsible for the removal of the isoenzyme or its breakdown products, measurements of tissue radioactivities were made at 2,8,24 and 48 h after injection. The results are shown in Fig. 8 and Fig. 9 , but at each time an animal had to be killed and each curve thus includes results from four rabbits. After making this reservation and correcting for residual blood, the spleen and liver are seen to exhibit high radioactivities during the fust 8 h, but only the spleen (at 8 h) gave a higher radioactivity count than the blood plasma. The highest concentrations were found in the tissues of the duodenum and jejunum 2 h and 8 h after injection, but these were appreciablylower than those ofthe plasma, The contents ofall three sections o f h e intestine also exhibited significant radioactivity in the early stages of the experiment, but at 24 h and 48 h the radioactivity of the intestinal contents, like that of the tissues, had diminished considerably.
Time dter injection ( h )
RQ. 9. Radioactivities of (a) tissues and (b) contents of the small intestine after injection of 12sI-labelled lactate d e hydrogenase-5 into the rabbit. 0. Blood plasma; 0, duodenum; A, jejunum; A, ileum. Fig. 9 shows the radioactivities observed in the tissue and luminal contents of the small intestine. The radioactivity found in the faeces and urine is summarized in Table 4 , from which it is apparent that only about 5 % of the administered ''1 appears in the faeces in 72 h after injection. This contrasts with 73.4% found in the urine over the same period. The chemical nature of the urinary radioactivity was investigated first by precipitation of free iodide with silver nitrate. The proportion of total urinary radioactivity precipitated as iodide was 37% during the first 24 h, 38% in the 2448 h urine and 36% in the 48-72 h urine. By paper chromatography similar proportions of iodide (45, 36 and 31%) were obtained (Table 5 ), but somewhat higher values were obtained by ion-exchange paper (46%) and by column chromatography on ZeoKarb 225 (45%).
An attempt to identify the components accounting for the remainder of the radioactivity by paper chromatography gave the pattern shown in Fig. 10 .
Two of the spots (IV and V) had R p values identical with those of mono-and di-iodotyrosine. These together accounted for 21%, 27% and 26% of the total urinary radioactivities on days 1, 2 and 3 respectively. The remaining spots of organically bound lZ5I contained 32%, 35% and 42% of the urinary radioactivity on days 1,2 and 3 respectively. One of the spots (111, Fig. 10) had an Rr value similar to that of di-iodohistidine, and another (I) appeared to be a peptide since it disappeared when the urine was incubated with chymotrypsin before again being subjected to paper chromatography. Its disappearance was accompanied by an increase in the radioactivity associated with mono-and diiodotyrosine (spots IV and V). We were unable to identify the fast-migrating spot VI, though its R p value is similar to that of 4-hydroxy-3,5-di-iodophenyl-lactic acid (Fletcher, 1957; Roche, Michel, Closon & Michel, 1958) , which could arise as the result of the hydrolytic damination of 3,5-diiodotyrosine. A similar spot has been reported by Zizza, Campbell & Reeve (1959) as a metabolic product of ' 'I-labelled albumin and of di-iodotyrosine. Column chromatography of the intestinal contents on Zeo-Karb 225 showed that most of their radioactivity was organically bound but only a small proportion was precipitated by trichloroacetic acid (Table 6 ). Table 7 shows the percentage of the radioactivity in the tissue homogenates which was precipitated by trichloroacetic acid.
Discussion
Few studies have been reported of the rates of disappearance from the plasma of radioactively labelled enzymes. Both Schapira et al. (1962) , who investigated the clearance of aldolase in the rabbit, and Massarat (1965), who examined the disappearance of aspartate and alanine transaminase in the pig, used '"'I-labelled enzymes. Because of its longer half-life we decided to use laaI in the present work so that more time would be available for purification of the labelled enzyme and that radioactive decay during the course of the animal experiments would not be significant. Furthermore, the energy of y-particle emission from this radioisotope is much less than from lJII, and the risk of enzyme denaturation from this cause would be expected to be less. O'Donnell & McGeeney (1974) carried out similar studies in dogs with lzsI-labelled amylase.
The disappearance curves obtained after the injection of labelled lactate dehydrogenase-5 re- tively) are similar to that for the unlabelled enzyme ( K a = l -W -l~~ 0-18 h-I). A similar suggestion has been made to account for the rapid initial disappearance of injected lactate dehydrogenase isoenzymes in the sheep (Boyd, 1967) and of injected aspartate transaminase in the dog (Wakim & Fleisher, 1963a; Fleisher & Wakim, 1963) .
The finding of two exponential components during the initial phase of radioactivity measurements is probably due to the time required for the mixing of the injected material with the circulating blood. Alternatively, a small amount of the radioactive label might be linked to the enzyme protein in some manner other than by stable covalent bonds to tyrosine or histidine residues. Though no evidence for such labile binding was detected during electrophoresis of the labelled enzyme (Fig. 2) , its possible occurrence might account for some of the labelled iodide found in the urine.
The second phase (2-10 h) appears to be due to inactivation of the enzyme, since the mean disappearance rate for the labelled enzyme as assessed by measurement of its catalytic activity (Kd=0.19 k The slow disappearance of radioactivity 10-48 h after injection (Fig. 3) appears to reflect the removal of inactivated enzyme protein or its breakdown products, since at this time injected catalytic activity is negligible. The radioactivity is not due to iodide since its clearance rate is much slower than that of iodide (Fig. 6) and the label was shown to be organically bound.
The discrepancy between the rates of disappearance of catalytic activity and radioactivity during the second phase (2-10 h) suggests that the enzyme is inactivated in the circulating plasma or in some compartment in close proximity to it, and that the radioactive, but catalytically inactive, products are removed at a slower rate. This contrasts with the conclusions drawn by Schapira et al. (1962) from studies with radioactive aldolase in the rabbit, and by Massarat (1965) from similar studies with labelled alanine and aspartate transaminases in the pig. The marked difference between the results with labelled a-amylase (O'Donnell & McGeeney, 1974) and those now reported is probably due, at least in part, to the difference between the molecular weights of the enzymes since, unlike lactate dehydrogenase, a-amylase is filtrable by the glomerulus.
The alternative explanation that the enzyme is broken down in the tissues followed by release of the products into the circulation appears less likely since a second transfer system would have to be postulated.
This would tend to delay the return of the products to the circulation and hence to lower the plasma radioactivity. Moreover, with the exception of the spleen at 8 h after the injection, no tissue was found to have a higher radioactivity than the plasma (Fig. 8) . However, we cannot exclude the possibility that the spleen may be involved in the inactivation of circulating enzymes, but after 8 h the injected enzyme is almost completely inactivated and it seems that the splenic uptake against a concentration gradient at this time is due to the inactivated enzyme or its breakdown products, rather than to active enzyme. This, of course, does not exclude the possibility that during the period 2-8 h after injection the spleen may have taken up catalytically active or inactive enzyme protein, and indeed there is evidence that the reticuloendothelial system may be concerned in the removal of enzymes from the circulation. Zymosan (Wakim & Fleisher, 1963b ) and Riley's virus (Mahy & Rowson, 1965; Mahy, Rowson & Pan, 1965) , which block the reticuloendothelial system, have been shown to interfere with the clearance of lactatedehydrogenase and other enzymes from the plasma.
If our suggestion is correct, the tissues appear to play a scavenging role in removing the largely inactivated enzyme, probably by a passive rather than an active process. This is indicated by the concentrations of radioactivity in the spleen and liver, comparable at 2 h and 8 h with that of the plasma, and the appreciable amounts in the tissue and lumen of the small intestine. Fleisher & Wakim (1968) demonstrated that the small intestine contributes to the clearance of injected alanine transaminase in the dog, and it is well established that the gastrointestinal tract plays a part in the elimination of plasma albumin (Armstrong, Margen & Tarver, 1960; Wetterfors, Gullberg, Liljedahl, Plantin, Birke & Olhagen, 1960; Ullberg, Birke, Ewaldsson, Hansson, Liljedahl, Plantin & Wetterfors, 1960; Glenert, Jamum & Riemer, 1962; Jeejeebhoy, Jarnum, Singh, Nadkarni & Westergaard, 1968; Skala, Vesely & Petrus, 1972) .
After the injection of l 3 'I-labelled albumin into the rabbit, Armstrong et al. (1960) demonstrated that 23% of the radioactivity in the intestinal lumen was precipitated by trichloroacetic acid, from which they concluded that there is a mechanism for the transfer of protein from the plasma into the gut.
In our experiments a small proportion of the radioactivity in the intestinal contents (Table 6 ) and the tissues (Table 7) is protein-bound. In the gut this proportion was greatest (10%) in the duodenum, suggesting that inactivated enzyme protein may reach the gut from the plasma via the duodenal and possibly the jejunal mucosa. The negligible radioactivity found in the gall bladder suggests that the bile is probably not an important route for the elimination of enzyme protein. Most of the radioactivity in the intestinal contents is not precipitable as protein, but it is organically bound, presumably as labelled amino acids or peptides resulting from the digestion of enzyme protein.
The small amount of radioactivity demonstrated in the faeces suggests that much of the degraded enzyme protein found in the jejunal juices is further digested, and that the constituent amino acids are reabsorbed in the lower part of the small intestine. This explanation is consistent with the recovery of about 75% of the injected radioactivity in the urine during the 3 days after administration of the labelled enzyme. Some 60% of the urinary lz5I was shown to be associated with amino acids or peptides, and about one-third of this was chromatographically identified as mono-and di-iodotyrosine, which presumably originated from the enzyme protein. Treatment of the urine with chymotrypsin led to the disappearance of one of the unidentsed radioactive spots on the chromatogram with a corresponding increase in the proportions of mono-and di-iodotyrosine, thus demonstrating that at least one of the unknown spots was a peptide containing these iodoamino acids. We cannot exclude the possibility that removal of the label might have led to the iodination of dietary tyrosine or body proteins containing this amino acid, but this appears unlikely since the necessary oxidizing system for this reaction appears to be confined to the thyroid gland, which in our experiments had been saturated with non-radioactive iodide.
The occurrence of 3 W O % of the urinary radioactivity as free iodide indicates that at some stage reductive or hydrolytic deiodination has occurred. It is unlikely that such a process takes place in the plasma as the disappearance rate for free iodide (Fig. 6 ) is substantially faster than that of the inactivated enzyme (Fig. 3) . The liver may well be concerned in deiodination of the inactivated enzyme protein as this organ is known to remove iodine from such amino acids as thyroxine (Maclagan & Reid, 1957) .
Fritz, Vesell, White & Pruitt (1969) studied the rates of synthesis and degradation of lactate dehydrogenase-5 during the incorporation of 14C-labelled amino acids in the rat in vivo, and established that in the heart lactate dehydrogenase-5 is destroyed about ten times as fast as in the liver and about twenty times as fast as in skeletal muscle. However, in our experiments, the relatively low radioactivity found in cardiac muscle appears to preclude the possibility of the heart playing more than a minor role in the removal of lactate dehydrogenased from the plasma.
Our results suggest that circulating enzymes may undergo intravascular inactivation and that the major part of the products is removed via the small intestine, where they are digested to amino acids (or peptides), most of which are reabsorbed and either metabolized or excreted in the urine. Preliminary experiments on the inactivation of enzymes in blood support this theory, which is being further investigated.
In his critical review of the turnover of circulating enzymes, Posen (1970) summarized the problems involved in the measurement of disappearance rates after the injection of enzymes into experimental animals. The plasma enzyme activities may be so high that the observed disappearance rates may not be characteristic, but in our experiments the activities reached shortly after injection did not exceed ten to twenty times the normal activity of rabbit plasma lactate dehydrogenase. Such elevations are frequently observed clinically in man. Another possibility is that the lability of labelled enzymes might lead to spuriously rapid disappearance rates, but our material proved to be stable on storage for several weeks. Moreover the close agreement between the biphasic disappearance rates for the labelled and unlabelled enzymes is evidence that in our study the lzSL-labelled lactate dehydrogenase-5 was not noticeably less stable in viuo than the unlabelled enzyme.
